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Abstract
The author has divided the alluvial deposits of the Takamatsu Plain, into nine sedimentary facies
( I - IX) based on lithofacies, sedimentary tructure, fossils, features of bedding plane, geometry of beds,
succession and distribution. Reconstructed sedimentary environments of the Upper Kotogawa Formation
are ri ver facies; e.g., ri ver - channels, natural-levees and back - marshes; those of the Takamatsu
Formation are river facies and marine facies such as deltas.
The author tried sequential stratigraphical interpretation of the two delta deposits comprising the
Takamatsu Formation. Thus, transgressive surfaces (ts), ravinement surface (RS), transgressive systems
tract (TST), and maximum flooding surfaces (mfs), highstand systems tract (HST), regressive surface of
erosion (RSE) are recognized.
The delta deposits as TST during the lomon transgre sion from early to middle Holocene at an
inner bay-head, do not form clinoform. The delta deposits as HST during the maximum of relative
sea-level during middle Holocene at the inner bay is a Gilbert type delta. When minor falling in rel-
ative sea-level occurs at the mid loman age, RSE might form in the upper part of the deltas, and the
topset could then develop if an active river runs into the delta. When relative sea-level recovered
around 3,000 yrs BP, HST should be formed again on RSE.
Development of the delta systems in the Takamatsu Plain is controlled by three factors; relative
sea -level change, influx of clastics supplied by river, and offshore-distance of longshore current in front
of the delta.
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Introduction
The Kagawa prefecture, in the northeastern part of
Shikoku Island, Japan, has the Sanuki Mountains in the
southern part and the Sanuki Plain in the northern part.
The Takamatsu Plain is one of the plains in the Kagawa
Prefecture. Kawamura (2000c) studied the late
Quaternary deposits and named them the Kotogawa and
the Takamatsu Formations, based on lithology, presence
of widespread volcanic ash layers and 14C ages of mol-
luscan fossils. Furthermore, Kawamura (2000c) dis-
cussed the sedimentary environment and the relative
sea-level change in the Takamatsu Plain during the
Holocene. He estimated that the bottomset beds of the
Paleo-Kotogawa delta began to be deposited ca. 4,000
yrs BP, that the foreset beds developed around 4,000 to
3,600 yrs BP, and the topset beds were formed since ca.
3,600 yrs BP. This study is confined mainly to the cen-
tral coastal area of the plai n, as the geomorphological
development of the plain is not fully established.
The objectives of this study are the reconstruction
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of the sedimentary systems and sequential stratigraphi-
cal interpretation of late Quaternary sediments, based on
observations of new borehole cores and outcrops.
The author wi II consider the two delta systems, the
Paleo - Kotogawa and the Kasugagawa - Shinkawa deltas,
which were influenced by sea -level change, longshore
currents and influx of two river systems, the Koto and
the Kasuga -Shin Rivers.
Methods of this study included collecting borehole
samples and logs, inspection of borehole core samples
and of outcrops, for recognition of sedimentary facies.
Then, distribution of the sedimentary facies was esti-
mated using borehole logs. The observed outcrops are
station numbers 1 to 5, 8, 13, and 14 in Fig. 1. The
borehole sites from which samples were collected are
station numbers 2, 3, 5 to 7 and 9 to 14 in Fig. I.
Radiometric 14C ages in this study were measured
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Geomorphology and geology of the study area
The Takamatsu Plain faces the Seto Inland Sea and
the Bonzu, Koto, Gobo, Tsumeta, Kasuga and Shin
Rivers, reading from west to east (Fig. 1), flow across
it into the Seto Inland Sea.
Fig. 1 shows the geomorphological map of the
Takamatsu Plain. In the western part of the plain, the
Takamatsu Lowland is the lowland along the Koto
Ri ver, distributed from T.P. (Tokyo Peil) 10 to 100
meters, and forms the Kotogawa fan in which the sed-
iments have been supplied by the Koto River
(Geographical Survey Institute, 1986). The delta extends
to the lower reaches of the Gobo River, which was a
main channel of the Koto River until about 400 years
2km
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Fig. 1 Index map of the study area.
Geomorphological map is modified from Takahashi (1987).
a: reclaimed land, b: delta, c: natural-levee zone, d: alluvial fan,
e: talus and alluvial cone, f: terrace, g: hill and mountain
A - A' indicates baseline of cross section in Fig. 3. Numbers (1-
14) are observation stations.
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ago. The author names delta the Paleo - Kotogawa delta
and the main channel in the fan the Paleo - Koto River.
The eastern part of the plain, the Ikenobe Lowland, is
the lowland along the Kasuga and Shin Rivers distrib-
uted from T.P. I to 7 meters. In the eastern part of the
plain, the Ikenobe Lowland consists of deltas and a
flood plain, which sediments were mainly supplied by
those two rivers (Geographical Survey Institute, 1986).
The area along the coastline is reclaimed land which
was reclaimed during the Yedo age to the Showa age
(Geographical Survey Institute, 1986).
In this paper, the author calls both the reclaimed
land and the delta the U coastal area". And then the
western part of the Koto River is called the "western
coastal area", the land between the Koto and the
Tsumeta Rivers is called the U central coastal area", and
the land which is located east of the Tsumeta River is
called the U eastern coastal area".
Kawamura (2000c) studied the geology beneath the
Takamatsu Plain for the purpose of stratigraphical clas-
sification. The order of stratification in the Takamatsu
Plain by that study is as follows; basement rocks, the
Sanuki Group, the Mitoyo Group, the Lower, the Middle
and the Upper Kotogawa Formations and the Takamatsu
Formation, in ascending order (Fig. 2). The Sanuki
Group consists of Miocene pyroclastic rocks and lavas
(Sato, 1982), the Middle and the Upper Kotogawa
Formations are middle to upper Pleistocene and the
Takamatsu Formation is upper Pleistocene to Holocene
in age.
1. Upper Kotogawa Formation
This formation consists of sandy gravels, sands and
muds, and occurs beneath the plain (Kawamura, 2000c).
Elevation of this formation is from T.P. -20 to 3 meters
in the coastal area, and it is also found beneath the
Kotogawa fan. It ranges from about I to 10 meters in
thickness in the coastal area. This formation is divided
into the Ban-cho gravels and the Fukuoka-cho muds,
in ascending order. Judging from correlation with the
widespread volcanic ash layer and 14C ages, this for-
mation was deposited during Dim II, the late Pleistocene.
The author thinks that this formation overlies the Middle
Kotogawa Formation unconformably.
(1) Ban -cho gravels
This member is the main member of the Upper
Kotogawa Formation. The gravels are distributed from
T.P. -20 to 3 meters in the Takamatsu Plain. They can
be correlated with gravels beneath the Kotogawa fan.
The boundary between the Ban -cho gravels and the
Middle Kotogawa Formation is an unconformity. These
gravels range from around I to 10 meters in thickness.
The Ban -cho gravels can be recognized by the lack of
granitic rock and much sandstone, in contrast to the
Middle Kotogawa Formation which contains some
granitic rock and arkosic sands.
(2) Fukuoka-cho muds
These muds consist mainly of dark gray silt or clay
which overlie the Ban -cho gravels conformably. The
muds are sometimes interbedded with peats and sands.
The muds around the Gobo River, tend to be gravelly.
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Fig. 2 Stratigraphy beneath the Takamatsu Plain (modified from
Kawamura, 2000c)
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The Fukuoka-cho muds are distributed around T.P.
minus some meters in the western coastal area, and
between TP. -15 meters and 0 meter in the central to
the eastern coastal area (Kawamura, 2000c). The unit
is 3 to 6 meters in thickness. The Takamatsu 1 vol-
canic ash layer (Tkl; Kawamura, 2000c), which corre-
lates with the Aira Tn volcanic ash layer (AT), is inter-
calated in these muds. Tkl is a good key bed as it has
good lateral continuity. Tsuji et al. (2000) considered
that AT erupted around 24,000 to 25,000 yrs BP.
2. Takamatsu Formation
This formation consists of gravels, sands and muds
overlying the Upper Kotogawa Formation (Kawamura,
2000c). The formation occurs widely beneath the plain,
and ranges from 10 to 15 meters in thickness. Farther
to the south, however, the formation becomes thinner,
and it finally disappears around T.P. 3 meters.
This formation is divided into 5 members: the
Hamano -cho sandy gravels, the Kasuga -cho sands, the
Nishiuchi - machi muds, the Nishiuchi -machi sands and
the Nishiuchi -machi gravels, in ascending order
(Kawamura, 2000a, 2000c). The Hamano-cho sandy
gravels, the Kasuga -cho sands and the Nishiuchi -machi
sands occur in the eastern coastal area. All members
except the Kasuga-cho sands lie under the central
coastal area. In the western coastal area, the formation
consists mainly of the Nishiuchi -machi sands and the
Nishiuchi - machi gravels. The Takamatsu Formation
overlies the Upper Kotogawa Formation unconformably
(Kawamura, 2000c).
(1) Hamano-cho sandy gravels
This member, which overlies the Fukuoka-cho
muds unconformably, is made up of sandy gravels or
sands. The Hamano-cho sandy gravels are distributed
between TP. - 9 to -7 meters, occupying buried hol-
lows formed by erosion of the Fukuoka-cho muds, so
that lateral continuity is relatively poor. The member
is not found in the western coastal area. The Hamano-
cho sandy gravels unit is 0 to 5 meters thick.
(2) Kasuga - cho sands
This member is composed of gravelly and silty
sands, which overlies the Hamano-cho sandy gravels.
The sands occur only beneath the eastern coastal area,
and the unit is 0 to 10 meters thick (Kawamura, 2000a).
Intertidal molluscan fossils are found commonly in this
member. The lowest silt bears freshwater mollusca
Corbicula (Corbiculina) leana.
(3) Nishiuchi-machi muds
This member consists of silt or clay and it overlies
the Hamano-cho sandy gravels conformably. Two types
of volcanic glass are included, and they are correlated
with AT and the Kikai Akahoya volcanic ash
(Kawamura, 2000c). Marine molluscan fossils are
found in the muds in the central coastal area. The unit
is relatively thin, being 0 to 3 meters thick, and is dis-
tri buted from T.P. -11 to 0 meters.
(4) Nishiuchi-machi sands
This member consists of sands, sometimes bearing
marine molluscan fossils, and it overlies the Nishiuchi-
machi muds. The Nishiuchi - machi sands unit is rela-
tively thick, being 0 to 12 meters thick. The distribu-
tion is from TP. -12 to 0 meters. In the eastern coastal
area, the sands are so similar to the Kasuga - cho sands
that they cannot be distinguished from each other with-
out using 14C ages on fossils.
(5) Nishiuchi -machi gravels
This member is brown, gravelly sands or gravels,
and rests conformably on a weakly eroded plain on the
Nishiuchi - machi sands. This unit occurs along the Koto
and the Paleo- Koto Rivers, and is between TP. - 3 and
8 meters in the western to central coastal area. In the
eastern coastal area, grain -size distribution of the grav-
els is finer than that of other areas. The member is 0
to 8 meters thick.
Sedimentary facies and environments
of the Upper Kotogawa and the
Takamatsu Formations
The author distinguishes lithofacies based on
grain - size distribution, sedimentary structure and fossil
content and divides the Upper Kotogawa and the
Takamatsu Formations into 16 lithofacies (abbreviations
LFI to LFI2). The author then recognizes sedimentary
facies I - IX, based on lithofacies, features of the bed-
ding plane, geometry of beds, succession and distribu-
tion (Fig. 3). Fig. 4 shows the facies succession of those
formations.
Sedimentary facies I: gravelly river-channel sedi-
ment
Facies: This facies consists mainly of sandy gravels
(LFl) and crossed-laminated coarse sands (LF4). No
marine fossils are found.
This lithofacies has weakly developed parallel lam-
inae and crossed -laminae. LFl is sandy gravels which
have subrounded to subangular granules to cobbles. The
color is dark gray, brownish gray or greenish gray. LFl
is some tens of centimeters to about 3 meters thick, and
is frequently formed of an interbedded accumulation of
beds LFI and LF4. LFl has interbedded lenticular peb-
Norihito KAWAMURA
Sedimentary
Lithofaciesfacies
Lithology Environments
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IV
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................. '.......
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',::::::::W/,: crossed-laminated coarse sand)
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~~·.·.;,c!o~~\ LF3(shelly sandy gravel thin bed)'{888}~: river-mouthVI .:t:":~::~;;~" LF5(shell-bearing gravelly coarse sand)
-tidal-flat
····8 ..... LF9m(marine shell-bearing silt)
~ LF8(shell-bearing sandy altemating bedsVII ............... offshore~ of medium sand and silt)
...............
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Fig. 3 Lithofacies and inferred environments
Lithology a: sandy gravel, b: coarse sand, c: medium sand, d: fine sand,
e: silt, f: clay, g: shell (marine), h: shell (non-marine), i: bored wood
by shipworm, j: rootlet, k: organic material, 1: crossed -laminae.
LFI to LFl2 represent subdivisions of lithofacies based on grain-size
distribution, sedimentary structure and fossils.
ble to boulder layers, coarse sands and thin silty layers
bearing fragments of wood. The lowest part of LFI
shows inverse grading, such as coarse sand to sandy
gravel, and has imbrication of gravels dipping south.
The upper part of LFI contains many wood fossils
buried parallel with the bedding planes.
LF1 of the Ban -cho gravels at station 2 (See Fig.
I), overlies medium sands (LF7) and consists of fine
sands to clay bearing roots of plants (LF11). LFI is
interbedded in LF4 (Fig. 4) and LF1 underlies LF4. At
station 8 (see Fig. 1), LFI in the Hamano-cho sandy
gravels is irregularly distributed, such as burying hol-
lows on LF12 of the Fukuoka-cho muds.
LF4 is found in the Nishiuchi - machi gravels. LF4
consists of granules to subrounded pebbly coarse sand.
This lithofacies has low-angled crossed-laminae, and
the direction of dip is uncertain.
Sedimentary environment: LFI is made up of an accu-
mulation of sandy gravel layer, and frequently has
weakly developed parallel-laminae or crossed -laminae.
According to these sedimentary structures, LFI might
have been made by tractive currents. LFI corresponds
to lithofacies code Gm and to architectural element GB
(Miall, 1978, 1996). The sheet sands interbedded in
LFI has lithofacies code Sh, and corresponds to archi-
tectural element SB (Miall, 1978, 1996). GB interbed-
ded in SB is interpreted as gravelly sediments in a
river-mouth bar or river-channel (Miall, 1996).
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Fig. 4 Facies succession of the Upper Kotogawa and the Takamatsu Formations
(a) Ban -cho (station No.2), central coastal area, (b) Nishiuchi-machi (sta-
tion No.5), central coastal area, (c) Kasuga-cho (station No.14), eastern
coastal area
Station numbers are same as in Fig. I. Symbols of sedimentary facies are
same as in Fig. 3.
Abbreviations of geological units
Bag: Ban -cho gravels, Fum: Fukuoka -cho muds, Hag: Hamano-cho sandy
gravels, Kas: Kasuga-cho sands, Nim: Nishiuchi-machi muds, Nis:
Nishiuchi - machi sands, Nig: Nishiuchi - machi gravels.
LF4 consists of a single sand bed. When LF4 com-
prises only crossed -laminated coarse sands, this litho-
facies corresponds to lithofacies code 5t or 5p of a river
environment, and is interpreted as sandy channel sedi-
ments (Miall, 1996).
According to the above mentioned features, this
sedimentary facies is mainly gravelly river-channel sed-
iments. The sedimentary environment would be a flu-
vial channel. On LF 1 in the Nishiuchi - machi gravels
at station 8, the top plane was weakly eroded. The
author estimates that this eroded plane was formed by
river erosion during low sea-levels or a falling sea-
level.
Sedimentary facies IT: natural-levee sediment
Facies: This facies consists of medium sands (LF7) and
root-bearing fine sands to clay (LFll). In the Ban-
cho gravels, there is alternation of LF7 and silt domi-
nant silt/fine sands (LF9). No marine fossils are
found.
LFll is made up of beds having inverse grading,
such as clay to fine sand. The upper part of LFll is
peaty and roots of plants which are elongated in a ver-
tical direction sometimes occur. LFll is about 0.5 to
3 meters thick. This facies is found in the Nishiuchi-
machi gravels and overlies peaty muds or peat (LFl2).
Sedimentary environment: LF7 is composed of
medium grained sand beds. These sands show massive
bedding, and climbing ripples are sometimes seen. The
author thinks that this unit may be correlated with litho-
facies code Fl and architectural element FF (Miall,
1978, 1996). FI and FF are interpreted as flood sedi-
ments by overflow when a river floods (Miall, 1978,
1996). Thus, the author considers that LF7 is a natu-
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ral-Ievee sediment. LF II contains a thick bed which
has an inverse grading of clay to fine sand, and hence
we can conclude that it is flood sediment formed by
overflow when a river floods (Masuda and Iseya, 1985).
The roots of plants in LFII means growth of grass
plants after this sediments was deposited.
The lithofacies of interbed of LF7 and LF9, is sim-
ilar to architectural element LV which is interpreted as
a natural-levee sediment (Miall, 1996).
On the basis of the above, we conclude that sedi-
mentary facies II is a natural-levee sediment.
Sedimentary facies ill: back - marsh sediment
Facies: This facies consists of crossed -Iami nated coarse
sands (LF6), massively bedded to parallel laminated
silts (LF9a), alternation of silt and fine sands (LF9b)
and peaty muds or peats (LFI2). No marine fossils are
found.
LF6 is found in the Nishiuchi -machi gravels. At
station 8 (see Fig. I), the lowest part of LF6 is peaty
silt, the lower to middle part is parallel laminated fine
to medium sands, and the upper part is foreset laminated
coarse sands. Thus going upwards, grain -size distribu-
tion within LF6 becomes coarser. Sometimes LF6 con-
sists of only crossed -laminated coarse sands. LF6 is
0.2 to 1.5 meters thick. This lithofacies overlies LF7
or LF9 conformably. At station 5 (see Fig. I), LF6
overlies weakly eroded LFI.
LF9a consists of dark gray, massively bedded or
parallel laminated silt beds, and LF9b is alternation of
silt and fine sand. LF9a,b is 0.05 to 1.5 meters thick.
The fine sands have climbing ripples and include
patches of medium sands. Sometimes LF6 has inverse
grading, such as silt to fine sand, bears tree branches
buried parallel to bedding planes and then, peaty
interbeds. LF9a,b of the Ban -cho gravels overlies LFI
or LF7. LF9a,b of the Nishiuchi-machi gravels is
interbedded with LF7.
LFl2 comprises massive graded beds or accumula-
tions of thin layers, made up of chocolate-colored or
dark brown peaty clay, silt or peat. One of the char-
acteristics of LFI2 is the presence of roots of grass or
fossil wood trunks. LFI2 is about 0.5 to 1 meter thick.
LFl2 of the Ban-cho gravels and the Fukuoka-cho
muds overlies LFI unconformably. In the Nishiuchi-
machi gravels, LF12 is interbedded with LFI.
Sedimentary environment: At station 8 (see Fig. I),
LF6 in the Nishiuchi-machi gravels has inverse grad-
ing and changing sedimentary structure, such as mas-
sive silt, parallel laminated sands and crossed -laminated
sands, in ascending order. The laminated deposits are
interpreted as sediments laid down under tractive cur-
rents. Grain - size distribution of LF6 becomes coarser
upwards, so we may conclude that LF6 is possibly a
flood sediment (Masuda and Iseya, 1985). The lithol-
ogy and sedimentary structures of LF6 change through
Fl, Sh and St (or Sp), in ascending order. This may
mean, that at first LF6 was deposited under suspension
of overflows from a river, then was a crevasse-splay
deposit. LF6 is similar to architectural element CS
(Miall, 1996) because LF6 includes lithological codes
FI and St. Finally, the author regards that LF6 consti-
tutes back-marsh sediments because architectural ele-
ment CS is interpreted as a crevasse-splay deposit
(Miall, 1996).
The lithology of LF9a consists of massively bed-
ded or parallel laminated silts, changing to alternation
of silt and fine sands showing parallel laminae and rip-
ples (LF9b). The author interprets LF9a as having been
deposited from suspension or tractive currents in almost
stagnant water, and that LF9b was formed by a flood of
a river. Based on these lithological and sedimentary
structures, LF9a corresponds to lithological code Fsm
(Miall, 1978, 1996) and LF9b suggests lithological code
FL (Miall, 1978, 1996). Lithological code Fsm is inter-
preted as marsh flood deposits and LF9b is considered
to be flood sediments from overflow (Miall, 1978,
1996). Finally, we may consider that both LF9a and
LF9b correspond to architectural element FF, which is
interpreted as river back-marsh sediments (Miall,
1996). LF9a shows a distal facies and LF9b a proxi-
mal facies from the flood site.
LF12 is composed of a bed of massive peaty clay
or silt. This facies has no laminae, so LFI2 is sedi-
ment by suspension in almost stagnant water, such as a
marsh environment. LFI2 corresponds to lithofacies C
(Miall, 1978, 1996), which is interpreted as flood sed-
iments with luxuriant vegetation in ponds. Wood trunk
fossils in LF12 are allochthonous because they lack
roots and are buried horizontally. These fossils are con-
sidered to be buried driftwood. The observations that
LFI2 bears roots of grass and/or comprises a thin layer
of peat, means that plants growing in a marsh would
exist after the flood sediment was formed.
In conclusion, sedimentary facies III shows the
environment of a back-marsh of a river system.
Sedimentary facies N: river-channel sediment
(river - mouth)
Facies: This facies consists of shelly sandy gravels
(LF Im) and crossed -Iami nated coarse sands beari ng
shipworm fossils (LF4m).
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The lithology of the lower part of the Nishiuchi-
machi gravels at station I (see Fig. 1) is similar to LF1,
but marine molluscan fossils are found. The difference
between LFlm and LFI is the existence of marine mol-
luscan fossils in the fomer. At station I, LFI m over-
lies eroded LF8 in the Nishiuchi-machi sands and
underlies LF 1.
LF4m is found in the Nishiuchi -machi sands at sta-
tion 14 (see Fig. I). This facies contains subrounded
pebbly coarse sands or granule-bearing medium sands,
and sometimes shows inverse grading from medium to
coarse sand. The coarse sands have parallel laminae,
foreset laminae or sometimes, climbing ripples. LF4m
overlies LF9a and LF9b conformably. At this station,
shipworm wood fossils are found (Kawamura, 2000a).
Sedimentary environment: As mentioned above, LFI
is a channel deposit. At station I (see Fig. I), LFI m
was deposited in a channel near the river-mouth. This
is evident in the marine molluscan fragments that are
present.
LF4m, at station J4 consists of parallel laminated
or climbing ripples coarse sands. The parallel laminated
beds corresponds to lithological code Sh and architec-
tural element SB (Miall, 1978, 1996). These lithologi-
cal codes are interpreted as in -channel sands or chan-
nel sediments of a point bar (Miall, 1996). Shipworm
wood fossils that were found in LF4m, so we can con-
clude that this facies was formed around a river-mouth.
Thus, sedimentary facies N is a river-channel sed-
iment formed in a river-mouth.
Sedimentary facies V: back-marsh sediment (river-
mouth)
Facies: This facies constitutes silts bearing freshwater
mollusca (LF9f). LF9f is massively bedded silts bear-
ing freshwater mollusca. LF9f contains silt pipes and
sand pipes elongated from the upper horizon (LF5).
Where bioturbation is dominant, original sedimentary
structure can not be recognized. LF9f overlies LF4m
conformably.
Sedimentary environment: According to Kawamura
(2000a), the Corbicula (Corbicula) leane association is
found in LF9f of the Kasuga-cho sands, at station 14
(see Fig. 1). This freshwater mollusca Corbicula
(Corbicula) leane, has closed valves and is buried at a
high angle to the bedding plane. Furthermore, vertical
elongated roots of grass are also found, suggesting an
autochthonous fossil. Otherwise burrows elongated
from the upper unit bearing intertidal mollusca (LF5).
Thus, the author estimates the sedimentary environment
of LF9f to be a freshwater marsh neighbouring the coast.
In conclusion, sedimentary facies V was formed in a
freshwater back-marsh around a river-mouth facing an
inner bay.
Sedimentary facies VI: tidal- flat sediment
Facies: This facies comprises shelly sandy gravel lay-
ers (LF3), silty, gravelly coarse sands bearing marine
molluscan fossils (LFS), and silt- bearing marine mol-
luscan fossils (LF9m). LF9m changes to LFS horizon-
tally.
LF3 is found in the Nishiuchi - machi sands in the
eastern coastal area, which is made up of coarse sands
to cobble and is poorly sorted. LF3 is some tens of
centimeters thick. LF3 has a high proportion of
allochthonous marine mollusca, and is distinguished
from LF2 (shelly, poorly sorted sandy gravels) as it is
relatively thin, has a settled thickness and a homoge-
nous lithology. LF3 was interebedded in LFS.
LFS is found in the Kasuga-cho sands and in the
Nishiuchi-machi sands in the eastern coastal area. LFS
constitutes pebbly to granular, gravelly coarse sands
with massive grading and its color is dark gray. LFS
is partly sandy gravel with many subrounded pebbles.
In this facies, the marine molluscan fossils are included
and there are sand pipes with elongated "I" shape or
reverse "Y" shape. A leaf of Zelcova sp., fragments of
plants and wood trunks are found in LFS. This facies
in the upper Nishiuchi -machi sands bears intertidal zone
mollusca Ruditapes philippinarum. LFS overlies weakly
eroded LFI m or lies on LF9m conformably.
LF9m is found in the Nishiuchi - machi sands at sta-
tion 14 (see Fig. 1) in the eastern coastal area. This
facies consists of dark brownish, gray silt, 0.1 to 0.2
meters thick. Marine molluscan fossils scattered in the
whole of the bed and elected rootlets are found. LF9m
overlies LF4m conformably.
Sedimentary environment: As three LF3 beds are
interebedded in LFS, the author thinks that the sedi-
mentary facies changed frequently. On the basis of
lithology, LF3 is interpreted as a sand-bar sediment
because it looks like lithofacies code Gm (Miall, 1978,
1996). LF3 includes many molluscan fossils; brackish
water brachiopoda Assiminea sp., and intertidal mol-
lusca Batillaria zonalis, Batillaria multiformis and
Meretrix lusoria. The common living environment of
species composing this association, based on recent
molluscan ecological data, is estimated to be the lower
intertidal zone around a river-mouth (Kawamura,
2000a). Together with the living environment of other
species of this association, we can consider LF3 to be
the sediment of a river-mouth bar.
Norihito KAWAMURA
Table I 14C dates (modified from Kawamura, 2000c)
Station numbers are same as in Fig. I.
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No, Stratigraphy Elevation Material 14C age Method 6 13c Calibrated age Lab.No. Reference
of [fP.m] Beta-
site [yrs BP±1 a] [%0] [cal yrs BPj (1 a)
1 Nis~lJchi- -2 Phaeosoma 1,030±60 radiometric + 0.9 980 (1,055- 930) 116027 Kawamura, 1998bmac I sands japonieum
3 NiS~lJchi- d -9--8.5 g,slrez 5,820±50 radiometric - 1.8 6,645 (6,705-6,570) 106733 Kawamura,1998amac I mu s ense ame/losa
4 ~8~~oljff..~ho -10 wood 13,030±90 radiometric -27.5 13,720 (15,590-15,180) 154756 -mu s
4 Nis~lJchi- -9 effn1b~/!) 2,840±60 radiometric - 0.6 3,060 (3,150-2,960) 154757 -mac I sands
4 Nis~lJchi- -1 RJ:r/iI':J!es 130±50 radiometric - 0.4 140 (255-80) 129485 Kawamura, 1999bmac I sands pi ip inarum
5 Nis~lJchi- d -8.5 g,slrez 4,590±60 radiometric - 0.8 5,305 (5,410-5,270) 124087 Kawamura, 1999a
mac I mu s ense ame/losa
5 Nis91,lJchi- -7 Seapharea satowi 3,600±60 radiometric - 1.1 3,965 (4,075-3,875) 124294 Kawamura,1999a
mac I sands
8 Nis~lJchi- -4 fphinorbis 4,030±70 radiometric - 0.4 2,620 (2,750-2,545) 124086 -
mac I sands aeosoma) sp.
13 Nis~lJchi- -1.8 Meretrix fusoria 2,970±50 radiometric + 0.9 3,260 (3,325-3,200) 110495 Kawamura,1998a
mac I sands
14 ~~w~~a-cho -4,5 Cyclina sinensis 7,010±110 radiometric - 3.8 7,810 (7,930-7,680) 145520 -
14 ~~w~~a-cho -4 Meretrix fusoria 6,130±70 radiometric + 0.2 7,025 (7,155-6,950) 138245 Kawamura,2000b
14 ~~~~~a-cho -3,5 M!ea CArenomya) 5,940±80 radiometric + 0.1 6,790 (6,900-6,720) 145519 ~war;m;r~,a enaria oonogai In con uted)
14 ~~w~~a-cho -3.25 Meretrix fusoria 5,340±70 radiometric + 1.1 6,190 (6,280-6,110) 145515 -
14 ~~~~~a-cho -3.0 Cyclina sinensis 5,860±90 radiometric + 0.9 6,730 (6,850-6,640) 145518
14 ~~~~~a-cho -5.5 Eorgieuia 6,830±120 radiometric - 7.2 7,945 (8,020-7,815) 138246 Kawamura,2000b( or iell ina) feane
14 Nis~lJchi- -2.9 Meretrix fusoria 3,930±70 radiometric + 1.2 4,510 (4,580-4,410) 145516 -
mac I sands
14 NiS~lJChi- -2,5 Cyclina sinensis 6,070±110 radiometric + 0.9 6,980 (7,150-6,840) 145517 -
mac I sands
The lithology of LF5 is mainly coarse sand with
marine molluscan fossils. The bedding planes of the
accumulated beds are unclear. The author considers that
LF5 was formed under alluviation because of the poorly
sorted lithology. Bioturbation in LF5 is dominant, as
shown by the many sand pipes, so we may estimate that
the environment was suitable for benthos. In conclu-
sion, we can judge that LF5 is the sediment formed
around a tidal- flat near a river- mouth.
LF9 has roots of plants and intertidal zone mol-
luscan fossils, e.g., Cyclina sinensis. The buried pos-
ture of closed valves, Cyclina sinensis, is parallel to the
bedding plane, which means that they are allochthonous,
but it is estimated that they could be almost autochtho-
nous because both the living environment of this mol-
lusca and the lithology of the fossil- bearing bed are
concordant. The t5 I3C value of Cyclina sinensis, in LF9
obtained at station ]4 is -3.8%0 (Beta-145520). This
value is between +0.1 roo and +1.1 %0 of moll usca from
the intertidal zone (Beta -138245, 145515-1455] 9) and
-7.2%0 of freshwater mollusca (Beta -] 38246). The
author considers Cyclina sinensis, from LF9m, lived in
brackish water. Finally, we can consider that LF9m is
the sediment in a tidal -flat around a river-mouth.
Judging from the above, sedimentary facies VI is a
tidal-flat sediment from a neighbouring river-mouth.
Sedimentary facies vn: offshore sediment
Facies: This facies comprises sand -dominant alterna-
tion of sand and silt, bearing molluscan fossils (LF8).
LF8 consists of massively bedded and well-sorted
medium sand beds. The beds frequently have inverse
grading, and include granules or pebbles. Sometimes
LF8 comprises alternation of sands and silt some cen-
timeters in thickness. In the central coastal area, this
facies is found in the Nishiuchi - machi sands, and the
lower to middle part of LF8 has foreset bedding. The
dip of this sand member is about 20 degrees to north in
the lower part and dips slightly to north or west in the
middle part. The sands include molluscan, burrow and
plant fossils. Molluscan fossils are scattered in the
lower to middle part, and form patches or thin layers of
shells. Sometimes there are sand pipes and silt pipes,
and bioturbation is dominant. LF8 overlies LF10 con-
formably.
Sedimentary environment: The author estimates that
LF8 is a subtidal deposit because LF8 consists of well-
sorted medium sands with sand pipes and marine mol-
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luscan fossils. The molluscan association in LF8 is the
Venatomya truncata association which consists of inter-
tidal to upper subtidal zone species (Kawamura, 2000c).
Finally, the author thinks that sedimentary facies VII
might be an offshore sediment of the upper subtidal
zone in a bay-head.
Sedimentary facies VIll: central inner bay sediment
Facies: This facies consists of shell- bearing silt or silt-
dominant alternation of silt and medium sand (LFIO).
LFIO is found in the Nishiuchi-machi muds, at station
5 (see Fig. 1) and comprises greenish gray coarse sand
in the lower part, brownish gray silt in the middle part
and al ternation of sand and silt in the upper part. There
are patches of molluscan fossils in LFIO, especially in
silt of the middle part of LFIO. LFIO includes many
marine fossils; echinodermata, Balanus spp., inner bay
ostracodes and benthic foraminifer (Kawamura, 1997,
1999a, 1999b, 2000c). Furthermore, there are many
fragments of branches and trunks of land plants.
Because of bioturbation, original sedimentary structures
cannot be recognized. The upper part of LF2 changes
to LFIO gradually.
Sedimentary environment: The molluscan fossil asso-
ciation in LFIO is the Anodontia stearnsiana associa-
tion, an association that probably formed at the upper
most part of the subtidal zone in the central part of the
inner bay (Kawamura, 1999a, 2000c). At station 5, the
brackish water benthic foraminifer Ammonia beccari
and the inner bay ostracodes Bicornucythere bisaensis,
Cytheromorpha acupunctata and Spnilebelis quadriac-
uleata are found (Kawamura, 1999b). According to
Shiozaki and Ikeya (1989) and Ikeya and Shiozaki
(1993), these three species of ostracodes are dominant
in inner bays around coastal Japan. The existence of
these many kinds of marine fossils suggests that sedi-
mentary facies VIIl would be the sediment of the central
inner bay.
Sedimentary facies IX: shoreface sediment
Facies: This facies comprises shelly, poorly sorted
sandy gravels (LF2). LF2 consists of the lowest of the
Nishiuchi - machi sands.
LF2 is poorly sorted, sandy gravels consisting of
medium sand and cobbles. And this facies includes
many allochthonous, intertidal to upper subtidal mol-
luscan fossils (Kawamura, 1998a). At station 4 (see Fig.
I), the lithofacies changes from silty gravels to sands,
horizontally. At station 5 (see Fig. I), LF2 overlies
eroded LF12 and changes to LFIO upward gradually.
At station 4, LF2 overlies LF I of the Fukuoka -cho
muds. In LF2, molluscan fossils are scattered in the
bed, and the upper most part of LF2 is a shelly bed.
LFI bears wood fossil that has a 14C age of around
13,070 yrs BP and LF2 includes marine mollusca
Paphia (P.) vernicosa with a 14C age of around 2,840
yrs BP. However, the author cannot find a distinct
eroded plane between both fossil- bearing horizons, and
concludes that the boundary between LF2 and LFI is a
blended unconformity. Hence, it is necessary to closely
research the fossils of each area in order to distinguish
between LFI of the Fukuoka-cho muds and LF2 of the
Nishiuchi - machi muds or the Nishiuchi -machi sands.
Sedimentary environment: LF2 overlies eroded LFI or
LFI2. The accumulation of allochthonous molluscan
fossils means that LF2 is a marine lag sediment. The
paleo-depth of sedimentation is shown by the mollus-
can fossil association in LF2 to be between about 5
meters and 20 meters in the inner bay (Kawamura,
1998c). In conclusion, sedimentary facies IX would be
a shoreface sediment like a longshore bar.
Reconstruction of sedimentary systems in the
Takamatsu Plain
Fig. 5 indicates the distribution of sedimentary
facies and the sequence of sediments. Based on sedi-
mentary facies in the Upper Kotogawa and the
Takamatsu Formations, we can discuss the paleo-envi-
ronmental reconstruction in detail.
1. Upper Kotogawa Formation
The succession of sedimentary facies of the Ban-
cho gravels and the Fukuoka -cho muds is: thick sedi-
mentary facies I (river-channel facies), II (natural-
levee facies) and sedi mentary facies III (back - marsh
facies), in ascending order. Thus, the sedimentary
facies consists of an accumulation of river-channel
facies, natural-levee facies and back - marsh facies.
Regarding horizontal distribution, the river-channel
facies is dominant. It is one of the characteristics of
fan deposits that planar gravel beds are dominant (Rust
and Koster, 1984). Finally, the Ban-cho gravels may be
formed by a river system, especially the alluvial fan.
As discussed above, the Fukuoka -cho muds unit is a
back-marsh facies of sedimentary facies III. The mem-
ber is distributed widely beneath the coastal area of the
plain, so the back-marsh might extend widely in the
plain.
2. Takamatsu Formation
The western coastal area: The succession of sedimen-
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Fig. 5 Geological cross - section diagram and horizontal distribution of sedimentary facies and sequence of sediments
Station numbers are same as in Fig. 1.
Abbreviations of sequential interpretations
LST: lowstand systems tract (Van Wagoner et al., 1988; Posamentier et al. 1988),
SB: sequence boundary (Vail, 1987), t : transgressive surface (van Wagoner et al., 1987), RS: ravinement surface (Swift,
1968; Nummedal and Swift, 1987), mfs: maximum flooding surface (Vail, 1987; Van Wagoner et al., 1988; Walker,
1990), TST: transgressive sy tern tract (Van Wagoner et al., 1988; Po amentier et al., 1988), HST: highstand systems
tract (Van Wagoner et al., 1988; Po amentier et al. 1988), RSE: regressive surface of erosion (Plint, 1988).
Roman numerals represent sedimentary facies.
CJl
CJl
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tary facies at station 1 (see. Fig. 1) is: vn (central inner
bay facies), N (river-channel around river-mouth
facies) and I, II, III (river-channel facies). The author
considers that alluviation brought deposition of sedi-
mentary facies I, II, Ill. Considering lithofacies, the
grain -size distribution and the accumulating order of
sediments, it is clear that sedimentary facies vn would
be formed in the shoreface at the inner bay - head in
front of the coastal plain. The marine molluscan asso-
ciation in sedimentary facies vn suggests that the sedi-
mentary environment would be a subtidal zone in the
inner most- bayhead (Kawamura, 1998b).
Sedimentary facies I, II, III overlie sedimentary
facies vn (offshore facies) and are brought by alluvia-
tion of the river system, so the succession of facies I
to III consists of delta deposits. The author considers
that the marine sediments (sedimentary facies vn) were
developed at a river-mouth but offshore, because
progradation beds cannot be seen. The Koto River
flowed in this area since about 1,000 yrs BP, so the
topset beds of the delta began to be formed at that time.
To summarize, sedimentary facies vn would have
been formed by a bay system and the sedimentary facies
I, II, III might be formed by a delta system.
The central coastal area: The succession of lithofacies,
around station 5 (see. Fig. 1) consists of a sedimentary
facies N (shoreface facies) on the eroded plane of the
Hamano-cho sandy gravels, sedimentary facies VDI (cen-
tral inner bay facies), vn (offshore facies), an interlaid
weakly eroded plane, N (river-channel around river-
mouth facies) and I, II, Ill. The author considers that
active alluviation brought a succession of sedimentary
facies VDI, vn, N to I, which indicates shallowing of
sedimentary depth. The northward dipping cross-bed-
ding in sedimentary facies vn may represent prograda-
tion of the delta mass to seaward. And a high propor-
tion of land-plant fragments-bearing silt means
sediment input from the land. Hence, the succession of
sedimentary facies VDI, vn, N and I was formed by a
delta system. Considering the distribution of lithofacies
of the delta, the grain-size distribution and the accu-
mulating order of sediments, the author recognizes the
delta as a Gilbert-type delta. The author thus regards
sedimentary facies VDI as bottomset beds, vn as foreset
beds and N to I as topset beds of the delta. The river
which supplied clastics to the delta might be the Paleo-
Koto River because the channel of the Gobo River, one
of the Paleo - Koto River's distri butaries, runs to the
delta.
The eastern coastal area: The succession of lithofacies
of the Takamatsu Formation, at station 14 (see. Fig. 1)
is sedimentary facies N, V, VI (river-mouth facies)
and VI (tidal-flat facies), in ascending order. The
author regards that alluviation by a river system brought
the deposition of sedimentary facies N, V in the early
stages of deposition of the Takamatsu Formation, and
then that delta system deposited sedimentary facies VI.
Assuming the environment of sedimentary facies VI and
those succession, this facies may mainly correlate to
foreset beds of the delta. Both the bottomset and topset
beds are poor at station 14. This fact might mean that
the rate of sea -level rising was almost equal to the accu-
mulation rate of the delta. Very thin bottomset and
poorly sorted lithofacies of foreset beds are a reflection
that they were in the intertidal zone in the long term in
the eastern coastal area. In the initial stage of the delta
growth, one of the river systems, the Koto River, might
have been running in the eastern Takamatsu Plain,
because the deposi ts deri ved from the Koto Ri ver
mainly consists of sandstone gravels (Takakuwa, 1976)
and sedimentary facies N, V, and the lower part of VI
at station 14, which includes sandstone gravels. So the
author suggests that the three major rivers in the
Takarnatsu Plain might have joined around the lower
reaches of the Paleo-Kasuga and Shin Rivers. And the
almost lack of the topset beds was brought about by ero-
sion and by weakening of alluviation. Decreasing allu-
viation might have been caused by switching of the
channels of the Koto River westward. After migration
of the Koto River, the channel mainly supplied clastics
to the Kasugagawa - Shinkawa delta; the river supplying
clastics would be only the Kasuga-Shin Rivers because
the grain - size distribution tends to be sandy, which is
a character of these two rivers' sediments (Takakuwa,
1976).
3. Sequence stratigraphy of the Takamatsu Formation
The top of the Upper Kotogawa Formation was an
eroded plane so that is an unconformity. The author
considers that the eroded surface corresponds to a
sequence boundary (SB: Vail, 1987). Sedimentary
facies I, the lower sedimentary facies of the Hamano-
cho sandy gravels, the Takamatsu Formation, is a river
system sediment as it is an incised - valley fill on the
Upper Kotogawa Formation. A transgressive surface
(ts: Van Wagoner et ai., 1987) is the boundary of sed-
imentary facies V and VI, because sedimentary facies
VI is the earliest marine facies in the area. But as men-
tioned by Zaitlin et ai. (1994) and Saito (1994), recog-
nition of transgressive surface in a river sediment in the
most landward area of the coastal area is difficult.
Sedimentary facies I to III of the Upper Kotogawa
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Formation and facies N and V of the lower Takamatsu
Formation may be lower systems tract (LST: Van
Wagoner et ai., 1988; Posamentier et ai., 1988), because
it is distributed below transgressive surface.
Sedimentary facies IX is a marine facies and overlies
the eroded sedimentary facies of the Hamano-cho sandy
gravels; it may be a transgressive lag sediment. Hence,
the boundary between sedimentary facies IX and the
lower facies might partly correspond to a ravinement
surface (RS: Swift, 1968; Nummedal and Swift, 1987)
and sedimentary facies IX is a transgressi ve systems
tract (TST: Van Wagoner et at., 1988; Posamentier et
ai., 1988). The lower part of sedimentary facies VI,
which accumulated as fast as the relative rise of sea-
level, may also be a TST.
The age of formation of ts is between around 6,800
and 5,800 yrs BP, because 14C ages of mollusca in the
bottom of sedimentary facies VI in the Kasuga-cho
sands is 6,830 ± ]20 yrs BP, and that in the bottom of
sedimentary facies N in the Nishiuchi-machi muds is
5,820 ± 20 yrs BP (Kawamura, 2000b; Table ]). The
age of transgressive surface formation almost coincides
with the transgression stage that occurred until 6,000
yrs BP in the Harimanada, the Seto Inland Sea (Naruse
and Onoma, 1984; Naruse et ai., ]985).
TST began to form around 6,800 yrs BP in the east-
ern coastal area. The deposition of TST continued until
at least 5,800 yrs BP because the 14C ages of marine
mollusca are 5,820 ± 50 yrs BP in the Nishiuchi - machi
muds (sedimentary facies IX) at station 4, and 5,860 ±
90 yrs BP in the Kasuga -cho sands of upper TST at
station 14 (Kawamura, 1998a). Thus, the author regards
the RS to have been formed until 5,800 yrs BP.
Sedi men tary facies VIII overlay ing sedi men tary
facies IX, is an inner bay sediment and consists mainly
of muds. From these observations, the relative sea-
level might have risen since the sedimentary facies IX
was deposited. Furthermore, sedimentary facies VIII
includes many marine molluscan fossils which might
have accumulated from different associations or com-
munities (Kawamura, 1999a), and the indices of the con-
densed sections are the peaks of individual fossils and
much composed associations of fossils and so on (Loutit
et ai., 1988). So sedimentary facies VIII may be a con-
densed section when relative sea -level was high. Thus,
the author considers that maximum flooding surface
(mfs; Vail, 1987; Van Wagoner et ai., ]988; Walker,
1990) is the bottom of sedimentary facies VIII, because
the bottom of sedimentary facies VIII means a pause of
submarine erosion during transgression and the begin-
ning of deposition under rapid deepening.
The cross - bedding of subtidal sedimentary facies
VII shows progradation to seaward. Thus the author
would estimate that sedimentary facies VIH to VII consist
of a highstand systems tract (HST; Van Wagoner et ai.,
1988; Posamentier et ai., 1988). The age of HST would
be between 4,600 and 3,600 yrs BP, because the 14C age
of marine mollusca in the Nishiuchi-machi muds of the
lower part of HST (sedimentary facies VIII) is 4,590 ± 60
yrs BP and the 14C age of wood in the Nishiuchi-machi
gravels overlying HST is 3,630 ± 60 yrs BP at station 4
(Kawamura, 1999a). Hence, the author estimates that
the age of horizon mfs is between 5,800 yrs BP, as the
late stage of TST formed, and 4,600 yrs BP, as an early
stage of HST formed.
Eroded sedimentary facies VI and VII, are overlaid
by aqueous facies such as sedimentary facies I or
river-mouth facies such as a river-mouth bar (sedi-
mentary facies VI). This eroded plane is found in
almost the whole area beneath the Takamatsu Plain.
The author considers that the eroded plane corresponds
to a regressive surface of erosion (RSE: Plint, ] 988),
based on two observations. One is that the 14C ages
occurs in reverse order upward, and the other is that
there is a coarsening of the grain-size distribution. The
author also considers that the former observation means
reworking of fossils from lower beds, and the latter
shows rapid shallowing of the sedimentary environment,
such as river-mouth bars.
The age of RSE and the formation of another HST
began around 3,000 yrs BP, because the 14C date of a
marine molluscan fossil is 2,970 ± 50 yrs BP at station
13 (Kawamura, 1998a). The relati ve sea -level change
based on these sequential interpretations is generally
concordant with the relative sea -level change curve in
Harimanada, the Seto Inland Sea by Naruse et ai. (1985)
and that of the Takamatsu Plain (Kawamura, 2000b).
Fig. 6, in brief, shows the sequential interpretation
discussed above.
A model of development of the deltas
in the Takamatsu Plain
Galloway (1975) showed that deltaic progradation
is modified by tidal currents and wave surge. He said
that marine deltas can be characterized in terms of three
endmember types: fluvial-dominated deltas, wave-
dominated deltas and tide-dominated deltas. The author
discusses the development of the deltas in the Takamatsu
Plain in terms of three factors: relative sea revel change,
activities of clastics supplying river, and tidal currents.
The four stages of development of the deltas in the
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Takamatsu Plain are explained as follows (Fig. 7).
Stage 1 The Jomon transgression (ca. 6,000 yrs BP)
As relati ve sea -level was raised in the Jomon trans-
gression until ca. 6,000 yrs BP (Naruse et aI., 1984), it
might have spread accommodation space in the
Takamatsu area. In the eastern coastal area, some major
rivers might join and have river-mouths. So much clas-
tics from the Sanuki Mountains were supplied and the
Kasugagawa-Shinkawa delta began to grow. It was the
beginning of the formation of TST. Because that delta
is located in the inner most bay - head where longshore
currents are relatively weak, the sediment of the delta
was poorly sorted. According to the subdivision of
deltas (Galloway, 1975), the delta in this stage corre-
sponds to a fluvial-dominated one. With rising sea-
level, and the sediment of the delta overlaps the older
deposits. Furthermore, widely developed tidal-flats
made communities of marine and brackish water crea-
tures abundant, so that bioturbation was too dominant
to preserve sedimentary structures.
On the other hand, in the central coastal area, there
was only a minor river, the Gobo River, which was so
low in alluviation activity that the delta could not have
developed much.
Stage 2 Highstand sea -level after relative sea -level
maximum (ca. 4,000 yrs BP)
After the relative sea-level maximum, the main
channel of the Paleo- Koto River migrated farther to the
west; around the Gobo River. The Kasugagawa-
Shinkawa delta suffered decreasing influx and the accu-
mulating rate fell, on the other hand, the Paleo-Koto
River began to form the Paleo- Kotogawa delta in the
central coastal area. During the following highstand
sea -level stage, the Paleo- Kotogawa delta advanced
progradation to offshore. As the delta grew seaward,
delta deposits as HST were sorted by longshore currents,
so three lithological divisions are distinctive; bottomset,
foreset and topset beds. This is a Gilbert-type delta
which developed with clinoform. The Paleo-Kotogawa
delta was a fluvial-dominated delta which was then
modified to a wave-dominated delta.
Stage 3 Minor regression around the mid-Jomon age
(ca. 4,000 to 3,000 yrs BP)
Some falling sea-level event might bring erosion
of the delta sediment. The eroded plane of RSE is the
bottom of the topset beds of the Paleo - Kotogawa delta.
River-mouth bars were developed after erosion of the
upper part of the Kasugagawa - Shinkawa delta. In a
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Fig. 7 Schematic depositional and erosional history in the deltas in the
Takamatsu Plain in relation to sea-level changes during the last 6,000
yrs.
Abbreviations of sedimentary facies are same as in Fig. 3.
Abbreviations of sequential interpretations are same as in Fig. 5.
bay - head such as where the Kasugagawa - Shinkawa
delta was located, no beach ridge might be formed when
regression occurred. On the other hand, the wave-dom-
inated delta of the Paleo-Koto River has beach ridges
(Takahashi, 1987).
Stage 4 Minor maximum of sea-level (ca. 3,000 yrs
BP)
On the RSE in the Kasugagawa -Shinkawa delta,
HST as the topset beds of the delta was deposited again,
being supported by longshore currents until another
maximum of sea-level occurred around 3,000 yrs BP.
The Paleo- Kotogawa delta began lateral growth because
progradation might have been interfered by longshore
currents off the coast. Relative strong longshore cur-
rents flow offshore in the Takamatsu Plain
(Geographical Survey Institute, 1983) and the author
estimated that the well-sorted fine sands or silts under
the Seto Inland Sea were brought by these currents. The
delta front might be influenced towards progradation by
the longshore currents.
Thus the author concludes that the development of
delta sediments is controlled by three factors: (1) rei a-
ti ve sea -level change provides accommodation space,
(2) alluvial influx controlled by location of migrating
major rivers, and (3) offshore-distance of longshore
current in front of the delta.
Summary
1. The author recognizes sedimentary facies I - IX of
the Upper Kotogawa and Takamatsu Formations, based
on lithofacies, fossils, geometry, succession, features of
bedding plane and distribution. Subdivision of the sed-
imentary facies is as follows; I (gravelly river-chan-
nel sediment), IT (natural-levee sediment), III (back-
marsh sediment), N (river-channel sediment in river-
mouth), V (back-marsh sediment in river-mouth), VI
(river-mouth or tidal-flat sediment), V1I (offshore sedi-
ment), VI[ (central inner bay sediment), IX (shoreface
60 Sedimentary facies and changes of the depositional environments of Late Quaternary
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2. The boundary between sedimentary facies IX and the
lower facies might partly correspond to a transgressive
surface which formed around 6,800 to 5,800 yrs BP.
Ravinement surfaces were formed until about 5,800 yrs
BP. Sedimentary facies IX, VI are transgressive sys-
tems tracts (TST) that formed around 6,800 to at least
5,800 yrs BP. Sedimentary facies VIII may be a con-
densed section, and a maximum flooding surface (mfs)
is the bottom of sedimentary facies VIII, that formed
between 5,800 yrs BP and 4,600 yrs BP. Sedimentary
facies VIII to VII consist of highstand systems tracts (HST)
ranging from 4,600 to 3,600 yrs BP. The eroded plane
in sedimentary facies VI and VII that underlies sedi-
mentary facies I, may be a regressive surface of ero-
sion (RSE). The age of formation of RSE may be
around 3,600 yrs BP. Sedimentary facies I and VI
form a second HST.
3. The development of Holocene deltas in the
Takamatsu Plain was controlled by three factors; rela-
tive sea -level change, activities of calstics supplying the
river and longshore currents. The four stages of devel-
opment of the deltas are explained as follows.
i) When TST would be formed in an inner bay - head
during the Jomon transgression, active rivers would
deposit the delta which shows unclear clinoform, with
poorly - sorted sedimentation.
ii) Around the relative sea -level maximum, HST should
be formed in the inner bay, and a moderately active river
would deposit the Gil bert - type delta which formed cli-
noform.
iii) Some minor falling relative sea-levels occurred, and
the RSE might form and slightly eroded the upper part
of the delta.
iv) When relative sea-level was recovered around 3,000
yrs BP, a second HST of topset beds would be formed
again on RSE. Then the offshore-distance of longshore
currents in front of the delta might interrupt prograda-
tion of the delta.
During the transgressive phase of earlier Holocene,
the delta was a fluvial-dominated one, and was then
modified to a wave-dominated, mid-Holocene high-
stand phase.
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